Polypore inhabiting beetles in the Moscow region were studied. Sixty-one polypore species harboured 261 species of beetles (174 species coming to polypores as imago, 87 species developing in polypores at larval stage). The highest number of species was found in polypores growing on deciduous trees: Fomes fomentarius (102 beetle species), Polyporus squamosus (94 species), Laetiporus sulphureus (81 species) and Piptoporus betulinus (62 species). Imaginal species diversity is much higher than larval, although the later can be more abundant. Ennearthron cornutum (found on 20 species of polypores) and Cis comptus (16 species) occurred in the largest number of fungal species.
Introduction
Polypore fungi are a specific group of wood-decomposing Basidiomycetes and an important component of the food chains based on dead wood. One of the main features of polypores is the ability to produce rather large and strong fruiting bodies, which are big and persistent enough to attract and host mycetobiont insects.
Beetles inhabiting polypore fungi are an important part of forest ecosystem, recycling fruiting bodies and being involved in the spore dispersal of the wood-rotting fungi. The beetle fauna of the Moscow (administrative,~54°15'-56°52' N, 35°8'-40°14' E) region is now rather well known (Nikistsky et al. 1995 (Nikistsky et al. , 1996 (Nikistsky et al. , 1998 (Nikistsky et al. , 2001 (Nikistsky et al. , 2002 but the ecology of beetles inhabiting polypores, their host preferences and feeding habits, and beetle complexes in certain polypore species have not been frequently investigated.
Active studies on the biology of mycetophilous beetles started in the 1930's (Donisthorpe 1931 , 1935 , Benick 1952 , Palm 1959 , PaviourSmith 1960 . General data on mycetophilous beetles for the European part of Russia were collected by Nikitsky (1989 Nikitsky ( , 1993 , Kompantsev (1982 Kompantsev ( , 1984 and Kompantseva (1987a-c) . Krasutsky (1990 Krasutsky ( , 1996 Krasutsky ( , 1997 Krasutsky ( , 2000 carried out extensive studies of basidiomycete inhabiting beetles in Ural mountains and Western Siberia. Most of the works in Russia focused on the feeding preferences of single beetle species. However, much is still unknown on both the food preferences of certain species, and on the beetle fauna of certain polypores. Fungus-beetle interactions are particularly poorly known. In this paper we summarize data on beetle inhabitants of polypore fungi of the Moscow region.
Material and methods
Field studies were carried out in [1995] [1996] [1997] [1998] in different parts of the Moscow region. The majority of the field material was collected in coniferous and spruce-deciduous mixed forests. The predominant tree species in the region are Picea abies (L.) Karst., Pinus sylvestris L., Betula pendula Roth., Betula pubescens Ehrh., Populus tremula L., Tilia cordata Mill., Alnus glutinosa Gaertn., Salix spp. and Quercus robur L.
Imago and larvae were collected and preserved (larvae in 70% alcohol) for further identification. Fruiting bodies with beetle larvae were taken in plastic bags and boxes together with substrate for rearing, kept for 2-3 months in +4°C, and then exposed in room temperature for further two months before the checking of the rearing results.
Beetle specimens, preserved in the Zoological Museum of the Moscow State University were studied. Beetle and polypore specimens are preserved in the Zoological Museum of the Moscow State University and partly at the Department of Enotomology, Biological Faculty, Moscow State University. Fungal identification was performed by Dr. T. N. Barsukova and Dr. M. A. Bondartseva. Fungal nomenclature follows Niemelä (2001) , names which are not included in this book are given according to Bondartseva & Parmasto (1986) and Bondartseva (1998) . Beetle nomenclature is given according to Silfverberg (1992) and Nikitsky et al. (1996 Nikitsky et al. ( , 1998 Nikitsky et al. ( , 2001 ).
Results
Analysis included 261 species of mycetophilous beetles (Appendix) linked to 61 polypore species. Larvae of staphylinid beetles are still not well known and in many cases they are difficult to identify, thus they are not included in our study. The list of polypore species below is given in an alphabetic order because the systematics of the Basidiomycetes is still unsettled and no good division into families can be made. Beetle lists (cases with both imago and larvae reared were treated separately from those with only imago collected) within each ecological group in every fungal host are given in an alphabetic order within each family without family name specifications. The "imago only" group included also beetles collected on polypore basidiocarps covered by anamorphic fungi, those came during the polypore sporulation period, and possibly, visitors of myxomycete plasmodia, covering polypores. Larvae of these beetles were not studied. A full systematic list of beetles found is given in Appendix.
Our aim was to document beetles separately in all the taxonomically-complicated or difficult groups of polypore species, including as detailed identification of the fungus as possible. Several valid species have been described on the basis of taxa originally published as forms, and it is easy to summarise data on two fungal host species, but no way to re-divide them, if documented collectively.
Unfortunately, in some cases (Daedaleopsis confragosa -Daedaleopsis tricolor; Trametes velutina -T. pubescens; Heterobasidion annosum -H. parviporum; Phellinus igniarius -P. nigricans -P. cinereus) information on some species had to be given collectively because of recent changes in polypore systematics or because the species was given in a wide sense. The number of studied fruiting bodies of each polypore species is given in parentheses after the species name. We studied only inhabited fruiting bodies.
Antrodia serialis (Fr.) Donk (70)
Larvae and imago reared: Epuraea variegata. . nigripenne, A. rotundatum, Amphicyllis globus, Anisotoma axillaris, A. castanea, A. glabra (N. N. Kotelenets unpubl.), A. humeralis, Acrulia inflata, Atheta boletophila, A. fungi, A. nigricornis, A. pallidicornis, A. paracrassicornis, A. picipes, A. pittionii, A. sodalis, Bolitochara mulsanti, B. obliqua, B. pulchra, Caryoscapha limbatum, Dinaraea aequata, Euryusa castanoptera, Gyrophaena affinis, G. fasciata, G. manca, G. nana, G. strictula, Haploglossa villosula A. crassicornis, A. diversa, A. euryptera, A. fungi, A. pallidicornis, A. paracrassicornis, A. pilicornis, A. pittionii, A. sodalis, A. subtilis Larvae and imago reared: Curtimorda bisignata (more common in this fungus, than in the other Gloeophyllum species), C. maculosa. Larvae pupate in the brown rotted wood under the fruiting bodies.
Bjerkandera adusta

Gloeophyllum protractum (Fr.) Imazeki (82)
Larvae and imago reared: Curtimorda bisignata, C. maculosa.
Gloeophyllum sepiarium (Wulfen: Fr.) P. Karst. (102)
Larvae and imago reared: Curtimorda bisignata, C. maculosa. Larvae pupate in the brown rotted wood under the fruiting bodies.
Gloeophyllum trabeum (Pers.: Fr.) Murrill (82)
Larvae and imago reared: Curtimorda bisignata. Host fungus is yet to be confirmed.
Hapalopilus rutilans (Pers.: Fr.) P. Karst. (53)
Larvae and imago reared: Sulcacis affinis, Hallomenus axillaris, H. binotatus (both species develop in the context of fruiting body). Sometimes larvae of Orchesia fasciata, living mostly in decayed wood, were found in the fruiting body.
Genus Heterobasidion Bref. (26)
Two polypore species Heterobasidion annosum (Fr.) Bref. and H. parviporum Niemelä & Korhonen have been separated by Niemelä & Korhonen (1998) .
Larvae and imago reared: The only rearing of Cis lineatocribratus was done without host tree specification and hence the species of Heterobasidion cannot be concluded. Further studies on the beetle fauna of these economically important polypore species are needed. A. castanoptera, A. crassicornis, A. celata, A. fungi, A. gagatina, A. liturata, A. oblita, A. pilicornis, A. paracrassicornis, A. pittionii, A. ravilla, A. subtilis, Autalia longicornis, Gyrophaena affinis, G. fasciata, G. manca, G. orientalis, G. pulchella Predator larvae of Korynetes caeruleus and Tillus elongatus come to the polypore to hunt for the larvae of Dorcatoma. Denticollis linearis larvae are also predators; typical host for them is rotten wood, from where they can come to the fruiting body and can pupate inside the fungus.
Hyphodontia paradoxa
In the white rot caused by the fungus the larvae of Melandrya dubia and Tomoxia bucephala develop.
Imago only: Bolitochara obliqua, Gyrophaena affinis, G. bihamata, G. fasciata, G. joyioides, G. manca, G. nana, G. strictula, Lordithon A. castanoptera, A. crassicornis, A. fungicola, A. gagatina, A. harwoodi, A. nigricornis, A. nigritula, A. pallidicornis, A. picipes, A. sodalis A. castanoptera, A. celata, A. crassicornis, A. euryptera (single individual), A. fungi, A. fungicola, A. gagatina, A. laticollis, A. liturata, A. nigra, A. nigricornis, A. oblita, A. pallidicornis, A .paracrassicornis, A. picipes, A. pittionii, A. sodalis, A. subtilis, Bolitochara lucida, B. obliqua, Dinaraea aequata, Gyrophaena affinis, G. bihamata, G. fasciata, G. gentilis, G. joyi, G. joyioides, G. lucidula, G. manca, G. minima, G. nana, G. obsoleta, G. poweri, G. strictula, G. transversalis 
Discussion
There are three main relationship groups between beetles and polypores in Moscow region. The first group consists of larvae of the truly mycetophagous species that develop inside or on the surface of polypore basidiocarps and feed on fungus mycelia or spores. This group includes species of Staphylinidae, Dorcatominae, Trogossitidae (Thymalus), Nitidulidae (Epuraea contractula, E. distincta, E. variegata and E. silacea) The larvae of oligophagous beetles feed inside the fruiting bodies of the polypores of a single genus: Cis puctulatus, Wanachia triguttata, Zilora elongata (Trichaptum spp. on conifers) and Curtomorda (Gloeophyllum spp.).
The most speciose group includes all the beetle species collected at the imaginal stage only. Some species can be found only on fruiting bodies covered by anamorphic fungi, or on polypores partly covered by myxomycete plasmodium. These beetle species probably use polypores as sources for food at their imaginal stages.
Mycetoxenous beetles occasionally visit basidiocarps of polypore fungi but do not usually eat fungal parts. Some of them are predators, like Philonthus spp., Quedius spp., clerid larvae of the genera Tillus, and Korynetes that feeds on Anobiidae larvae. Also, larvae of Cercyon spp., Megasternum obscurum, Cryptopleurum spp., Gnathoncus buyssoni sometimes feed on larvae and pupae of other insects. Examples of dungand carrion-eating beetles found on polypore fruiting bodies are Geotrupes stercorosus, Oiceoptoma thoracica and Nicrophorus vespilloides.
One of the very specialized families of beetles that develop in polypores is Ciidae. The host preferences of these species are mostly determined by the hardness of the fruiting body, not by the close systematical relations of polypore genera. Fomes, Fomitopsis, Ganoderma and Phellinus polypores are colonized mostly by Cis species of the "jacquemartii" group (C. lineatocribratus, C. alter, C. glabratus, C. jacquemartii). The group "micans" (C. hispidus, C. micans, C. boleti) , on the other hand, utilizes annual and softer polypores like Trametes, Lenzites and Daedaleopsis. Cis punctulatus develops in Trichaptum species on conifers. The only Cis species with a really wide trophic spectrum is Cis comptus.
Apart from Cis comptus, only Ennearthron cornutum (that prefers hard basidiocarps) and Dacne bipustulata (Erotylidae) have rather wide host-fungus range. The majority of the other mycetophagous beetles shows some preferences for a systematical or structure-based group of substrates.
Sometimes the influence of host tree can be detected, like in the case of Trichaptum. Two species of Trichaptum grow on coniferous trees and have a uniform beetle fauna, but Trichaptum pargamenum (that grows on deciduous trees) is colonized by a different set of beetles that live also in Trametes and Lenzites betulinus polypores of deciduous trees.
According to our observations, the most diverse communities of polypore-inhabiting beetles can be found along forest margins with a mixture of different-aged coniferous and deciduous trees.
Several beetle species are spring active, while others, like such that often hibernate as larvae (e.g. Dorcatoma, Hallomenus, Orchesia, Abdera subgenus Caridua, Wanachia and Curtimorda) and emerge later, are usually active in midsummer. Most of the species are monovoltinous, and some beetles that develop in hard, perennial fruiting bodies (Dorcatoma and Bolitophagus) may develop for more than one year.
A total of 261 beetle species connected with polypore fungi were found in the Moscow region. Of these, 174 species were found in polypores only as imagos, while 87 species develop in polypores at their larval stages. The actual species diversity of polypore inhabitants is probably higher. The highest species diversity was found in polypores of deciduous trees: Fomes fomentarius (102 species), Polyporus squamosus (94 species), Laetiporus sulphureus (81 species) and Piptoporus betulinus (62 species). In the Moscow region, mono-and oligophagous beetles developing in polypores were found in the genera Dorcatoma, Epuraea, Triplax, Cis, Curtimorda, Abdera (subgenus Caridua), Wanachia, Eledona and Pentaphyllus. Ennearthron cornutum (20 species of polypores) and Cis comptus (16 species) have the highest number of host fungi. Appendix. Systematic list of beetle species (linked to polypores either on imaginal only or both imaginal and larval stages). "Found" column: + = Larvae develop in polypore basidiocarp, using it as a source of food; +/-= Larvae were not found (or they do not use the polypore basidiocarp as food); -= only imagos were found. "Polypore nr." is an index, referring to the text, by polypore species number. It does not indicate directly the fungal host of a given beetle species.
Nr. Family and species
Found Polypore nr. 3.3; 3.5; 3.10; 3.11; 3.13; 3.21; 3.24; 3.29; 3.33; 3.43; 3.53; 3.56 40 Scaphisoma inopinatum Löbl, 1967 -3.11 41 Scaphisoma boleti (Panzer, 1793 3.11; 3.33 42 Scaphisoma subalpinum Reitter, 1881 -3.2; 3.5; 3.10; 3.11; 3.13; 3.21; 3.38 43 Scaphisoma balcanicum Tamanini, 1954 -3.5; 3.12; 3.32 44 Scaphisoma boreale Lundblad, 1952 -3.10; 3.12; 3.13; 3.43, 3 (Erichson, 1837) -3.10; 3.13; 3.26; 3.33; 3.38 85 Atheta (Alaobia) gagatina (Baudi, 1848) -3.26; 3.33; 3.38; 3.49 86 Atheta (Alaobia) pallidicornis (Thomson, 1856) -3.2; 3.5; 3.10; 3.13; 3.33; 3.38; 3.42 87 Atheta (Dimetrota) 3.10; 3.11; 3.12; 3.13; 3.25; 3.33; 3.36; 3.38; 3.50; 3.53 Mannerheim, 1830 -3.10; 3.26; 3.29; 3.33; 3.36; 3.38 (Marsham, 1802) -3.10; 3.13; 3.26; 3.29; 3.38; 3.45 100 Gyrophaena orientalis Strand, 1938 -3.26; 101 Gyrophaena bihamata Thomson, 1867 -3.29; 3.38 102 Gyrophaena joyi Wendeler, 1924 -3.38 103 Gyrophaena joyioides Wusthoff, 1937 3.38 104 Gyrophaena manca Erichson, 1839 -3.10; 3.12; 3.26; 3.29; 3.38; 3.45 154 Pocadius ferrugineus (Fabricius, 1775) -3.10; 3.11; 3.26; 3.38 155 Cyllodes ater (Herbst, 1792) -3.8; 3.10; 3.11; 3.24; 3.33 Mellié, 1848 + 3.10; 3.11; 3.13; 3.28; 3.29; 3.32; 3.33; 3.56 211 Cis comptus Gyllenhal, 1827 + 3.2; 3.3; 3.4; 3.6; 3.7; 3.12; 3.13; 3.20; 3.27; 3.48; 3.49; 3.50; 3.51 (Gyllenhal, 1827) + 3.4; 3.6; 3.7; 3.8; 3.10; 3.11; 3.12; 3.13; 3.21; 3.23; 3.24; 3.25; 3.26; 3.28; 3.29; 3.31, 3.32; 3.33; 3.41 2; 3.6; 3.7; 3.10; 3.13; 3.21; 3.23; 3.24; 3.25; 3.26; 3.33; 3.38 233 Mycetophagus ater (Reitter, 1879) + 3.2; 3.6; 3.7; 3.10; 3.11; 3.24; 3.26; 3.33; 3.38 234 Mycetophagus decempunctatus Fabricius, 1801 + 3.10; 3.13; 3.24; 3.25; 3.26; 3.33 
